Aims: High cost of cellulases remains the most significant barrier to the economical production of bio-ethanol from lignocellulosic biomass (LB). The present study aims at developing a local cellulolytic fungal strain through random mutagenesis coupled with the feasibility of solid-state fermentation (SSF) by utilizing agricultural wastes such as oil palm frond (OPF) as the substrate.
INTRODUCTION
Lignocellulosic biomass (LB) such as woods, straws and husks serve as the raw materials for the secondgeneration bioethanol (SGB) production (Balat, 2011; Goh et al., 2010) . In Malaysia, most of this LB waste come from oil palm plantation. In this case, oil palm frond (OPF) which contains high cellulose content (62%) but low lignin portion (15%) could be the ideal feedstock for SGB. Trichoderma and Aspergillus species are the two most well-known cellulase producers that belong to the fungal kingdom. To achieve complete hydrolysis of cellulose in LB, a cellulase multi-enzyme protein which composed of cellobiohydrolase/ exoglucanase (EC 3.2.1.74), endoglucanase/cellulases (EC 3.2.1.4) and β-glucosidase (EC 3.2.1.21) is needed (Chand et al., 2005; He et al., 2009) . Apart from cellulose, hemicellulose is another heterogenous polysaccharides building plant secondary cell wall and the major enzymes responsible for its degradation are the xylanases (Polizeli et al., 2005) .
In the continuous effort to enhance the amount and quality of these enzymes, random mutagenesis is an ageold yet successful methods (He et al., 2009) . It is still remained attractive in the advent of many other advanced techniques such as genetic modification and directed evolution as it generates stable changes in the genomes of host organisms without much prior knowledge of the cellular mechanism or genetic make-up required (Derkx et al., 2014) . Being one of the most widely used techniques to generate optimized microorganisms over the last decades, mutagenesis has been applied to improve both monogenic and polygenic traits (Steensels et al., 2014) . Hence, for complex phenotypes like the production of cellulolytic enzyme consortium in a high concentration, this technique is especially beneficial in generating mutants that carry multiple mutations under high dosage. Moreover, in recent studies, mutagenesis is often the first step to generate genetic variation in the population, after which genome shuffling of the best-performing mutants is applied, or the mutant population is subjected to directed evolution (Steensels et al., 2014) .
Mutagenesis is described as the exposure or treatment of biological material to a mutagen, for instances, a physical or chemical agent that raises the frequency of mutation above the spontaneous rate (Kodym and Afza, 2003) . Some of the most important physical mutagens include electromagnetic radiation, such as gamma rays, X-rays, UV light and particle radiation such as fast and thermal neutrons, alpha and beta particles. Many of the early systemic molecular studies of DNA damage and mutagenesis used UV and our understanding of its effects is probably the most extensive (Ennis, 2001) . Besides causing the loss of viability or reproduction of microorganisms due to the breakage of double DNA strands by inducing primary base damage or alteration (Dose et al., 1996; Nourmoradi et al., 2012) , this type of DNA disruption could also result in the overexpression of cellulase genes (Shafique et al., 2011) . The latter effect has made UVC light being appreciated and thus employed in this experiment. Chemical mutagens include alkylating agents, intercalating agents and base analogues. EMS has been shown to be a very effective and efficient mutagen and has probably become the most popular chemical mutagen (Kodym and Afza, 2003) . Our research attempted to obtain various types of genetic changes through the combined action of three different mutagen types.
Therefore, this research is aimed at discovering potential cellulase-producing local fungal strain by excessive screening procedures, and creating hyperproducing mutant strain via mutational techniques and SSF technology.
MATERIALS AND METHODS

Preliminary screening and isolation of native fungal strains
Sample collection of fungal isolates came from several environmental sources such as decay wood materials, rotten fruits, soil particles from agricultural plantation and certain parts of the local crops in Ayer Puteh Dalam, Pendang, Kedah, Malaysia. Cellulose agar selective medium was used in the initial step to screen for cellulase producers. The composition of cellulose agar medium was as followed % (w/v): α-cellulose, 3%; sodium nitrate, 0.3%; ammonium sulphate, 0.1%; potassium dihydrogen phosphate, 0.1%; ammonium hydrogen phosphate, 0.05%; magnesium sulphate, 0.01%; Bacto Agar, 2% and yeast extract, 0.03%. The pH of the medium was adjusted to 6.5 before autoclave. In this experiment, addition of antibiotics such as tetracycline to inhibit bacterial growth was not needed as cellulose itself is a hard carbon source to be digested, and only those cellulolytic microbes could feed on it. Plates were continuously observed for the growth and morphology of the fungus for 7 days. Isolates that grew on the agar were further purified by subculturing onto potato dextrose agar (PDA) supplemented with 0.05% (v/v) Triton X-100 to obtain a pure single fungal colony. For maintenance purpose, single colonies isolated were then transferred to PDA slants and incubated under 30 °C until sufficient growth. Then, cultures were stored at 4 °C prior usage.
Cellulase production in submerged fermentation
All (79) isolates that could grow on cellulose agar selective medium were further evaluated for the confirmation of their cellulase production potential. These isolates were used as the inoculums during submerged fermentation. For inoculum preparation, fungal isolates were revived in PDA slants at 30 °C. The spores were harvested after 4-5 days of cultivation with sterile distilled water containing 0.1% (w/v) Tween-80 (Smits et al., 1996) . Spore concentration was estimated and adjusted to 1 x 10 6 spores/mL by direct microscopecounting using hemocytometer (Raimbault and Alazard, 1980) . The modified minimal liquid media composed of (g/L): α-cellulose, 20; potassium dihydrogen phosphate, 1 and magnesium sulphate 0.1 (Taneja et al., 2002) . Each Erlenmeyer flask (250 mL) containing 99 mL of liquid media was inoculated with 1% of spore suspension with aforementioned concentration. Incubation was carried out in orbital shaker at 30 °C, 150 rpm for 7 days. After incubation, fermentation broth was centrifuged at 6000 rpm for 15 min and 0.2 mL supernatant was used to detect the presence of cellulase based on its halo appearance during carboxylmethylcellulose (CMC) qualitative agar plate screening (Theather and Wood, 1982) . After pipetting the supernatant into a well in each CMC agar plate, incubation was carried out for 2 days under room temperature. Clear zones formed as a result of CMC hydrolysis were visualized by Congo red flooding and stabilized by 1M hydrochloric acid (HCl) flooding.
Selection of potential cellulases producer via solidstate fermentation
Fungal isolates with clear zone > 2 cm diameter (data not shown) obtained from previous experiment were further assessed for their enzymatic activities via solid-state fermentation (SSF), in order to confirm primary selection analysis. Oil palm frond (OPF) which was used as substrate in SSF was prepared from freshly-plucked frond from palm oil plantation. After washing and drying, the chopped frond was ground and collected after passing through 4mm filtering steel mesh. The composition of the SSF medium was made of (g/L): ammonium nitrate, 5.0; potassium dihydrogen phosphate, 5.0; corn steep liquor, 2.0; sodium chloride, 1.0; magnesium sulphate, 1.0 and trace elements (mg/L); iron sulphate, 5.0; manganese sulphate, 1.6; zinc sulphate, 3.5 and cobalt chloride, 2.0 (Pang et al., 2006) . Fungal cultivation was carried out in a 250 mL cotton plugged Erlenmeyer flasks, consisted of autoclaved 5 g OPF powder and 70% (w/w) growth media inoculated with 20% (w/v) suspension with concentration prepared as aforementioned. The contents of the flasks were mixed thoroughly and incubated at room temperature for 1 week so that complete fungal growth for DWA8 was allowed. 
Extraction of enzyme
After fermentation, samples were mixed with distilled water containing 0.1% (w/v) Tween 80. The mixture was allowed to soak at room temperature for 2 h, with occasional hand swirling at every 30-minute interval. Then, the fermented substrates were separated from the enzymatic solution by filtration through Whatman No. 1 filter paper. The filtrate was used as the source of crude enzyme to be tested for the three enzyme activities (FPase, CMCase and Xylanase). Based on the enzymes activities, the most promising enzymatic producer was selected for further use in mutational development studies.
Preparation and selection of mutant
Microwave treatment
Selected isolate was grown on PDA slant for two days under 30 °C. Spore suspension was prepared by flooding the culture slant filled with mature black conidia with 0.1% Tween-80, and cell count was adjusted to 5 × 10 3 pores/mL. A volume of 5 mL of this suspension was then transferred into a sterile empty Petri dish to be treated with microwave irradiation. Within a household microwave, the Petri dish was put into a water-bath filled with ice-cold water to reduce the effect of heat generated from the 1000 W, 50 Hz Panasonic 27L NNGD-570S microwave oven, so that the microwave irradiation became the sole factor in contributing to the spore killing. New batch of ice-cold water was added at every 30 sec to maintain the water temperature surrounding the spore suspension throughout the entire 180-second treatment. Then, 0.05 mL of the suspension was removed at every 30-second interval starting from 0-second (the control) until 180 sec. They were spread onto screening plate and incubated under 30 °C for two days (Li et al., 2010 with some modifications). The screening media was formulated by 0.1% CMC as the carbon source, and 0.5% Triton X-100 in restricting colony size supplemented by PDA powder to trigger the fungal colony appearance. In this way, the incubation period could be shortened. After two days, the numbers of colonies appeared on the control plates and survived on mutant plates were counted. Mutant colonies were picked from the plates which showed relatively high lethality rate, and they were used to hydrolyze ground OPF during one-week SSF. The most-promising mutant was chosen based on the performance of the enzyme activities.
Ultraviolet treatment
After microwave treatment, UV mutation was induced by 100 W, 253.7 nm Germicidal UV lamp manufactured by Sankyo Denki Co., LTD. The UV light was shone upon the open-lid Petri dish filled with spore suspension with a distance of 45 cm. The spores were UV-treated for 10 min starting from 0-minute (the control), with an interval of 2 min (Kovacs et al., 2008 with some modifications). For fungal strain preparation and best mutant selection, the experiments were carried out according to the microwave method described before.
Chemical treatment
Chemical mutagenesis was carried out by adding EMS (M0880, Sigma) liquid directly into the spore suspension. Spore suspension was prepared in the same way, while EMS concentration was prepared in the range of 1.0-3.0% (v/v) in 0.5% (v/v) interval. The total volume of each of the mutagenesis mix consisted of these two solution was 3 mL, and the reaction took place in a 10 mL universal bottle. These bottles were incubated at 30 °C for 8 h and shaken at 150 rpm (Toyama and Toyama, 2000; Barbour et al., 2006 with some modifications). Approximately 50 µL of treated spore suspensions were directly plated onto the same screening media used during physical mutagenesis. The untreated spore suspension served as the control. After 2-day incubation at 30 °C, colonies grew on the plates which showed lethality rate more than 90% were picked and further purified on PDA plate. Then, these sporulated isolates were used as the inoculums for SSF utilizing OPF as the substrate.
Determination of FPase (filter paperase) activity
The cellulase activity also can be measured as FPase Activity Units (Ghose, 1987) . A 1 × 6 cm strip of Whatman No. 1 filter paper was added to a solution containing 0.5 mL of enzyme supernatant and 1.0 mL of 50 mM citricNaOH buffer (pH 4.5). The mixture was incubated for 1 h at 60 °C. The reaction was terminated by adding 3 mL of DNS solution, followed by 5 min of boiling. After cooling, 20.0 mL of distilled water was added and the absorbance was read at 540 nm using glucose as standard. The heatinactivated enzyme samples were use as the controls for this enzyme assay. One unit of cellulase activity was defined as the amount of enzyme that released 1 μmol of reducing sugar equivalent to glucose per minute under the above assayed condition. The enzyme activity was expressed as unit (U) per g of fermented OPF.
Determination of CMCase (carboxymethycellulase) activity
CMCase activity was carried out according to Gessesse and Gashaw (1999) . Carboxymethylcellulose was dissolved in citric-NaOH buffer (50 mM, pH 4.5) at 1% (w/v). Then, 0.5 mL of appropriately diluted enzyme was added to 1.0 mL of CMC solution. The mixture was incubated at 55 °C for 20 min. The reaction was terminated by adding 3.0 mL of dinitrosalicylic acid (DNS) reagent followed by boiling for 5 min. The released sugar was measured spectrophotometrically at 575 nm using glucose as the standard. The controlled experiment was performed using heat-inactivated enzyme. One unit of cellulase activity was defined as the amount of enzyme that released 1 μmol of reducing sugar equivalent to glucose per minute under the above assayed condition. The enzyme activity was expressed as unit (U) per g of fermented OPF.
Determination of xylanase activity
Xylanase activity was assayed as described by Gessesse and Gashe (1997) . The experiment was performed similarly with CMCase assay except 1% (w/v) of oat spelt xylan was used instead of CMC with 50 °C as the incubation temperature. Xylose was used as the standard instead of glucose.
Determination of fungal growth and moisture content
The growth of the fungus was examined by measuring the glucosamine content of the fungus as described by Swift (1972) . The glucosamine concentrations in different samples were measured spectrophotometrically at 530 nm using glucosamine as the standard. The moisture content of the SSF substrate (OPF) was determined by measuring the change of weight of approximately 4.0 g of fermented OPF before and after drying in an oven at 80 °C for at least 48 h (Nagel et al., 2001) .
Fungal strain identification
Fungal biomass was obtained by inoculating a loopful of matured blackish spores into the 100 mL potato dextrose broth. This 250 mL Erlenmeyer flask was then incubated at 30 °C while shaking at 100 rpm for 3 days. The mycelium was harvested by filtration through Whatman No. 1 filter paper, washed with distilled water, freeze-dried and stored in the freezer. For DNA extraction, the freezedried mycelium was ground to a fine powder using liquid nitrogen in a pre-cooled pestle, while the rest of the procedure was carried out using Plant DNA Rapid Extraction Kit (spin-column) (BioTeke Corporation, China). For polymerase chain reaction (PCR) amplification, 2 μL of fungal DNA were added to the PCR master mixture, which consisted of 5 µL of 10× reaction buffer, 4 µL of 10mM dNTPs mixture and 2 units of Prime Taq™ DNA Polymerase (Genet Bio, Korea) for a total volume of 50 μL (manufacturer's instruction). The primers used were U1F (5'-CTYAAAKRAATTGRCGG RRRSSC-3') and U1R (5'-CGGGCGGTGTGTRCAARR SSC-3') at a final concentration of 0.2 μM (Rivas et al., 2004) . PCR conditions were as followed: pre-heating at 95 °C for 9 min; 35 cycles of denaturing at 95 °C for 1 min; annealing at 55 °C for 2 min; extension at 72 °C for 1 min; and a final extension at 72 °C for 7 min (Rivas et al., 2004) . The amplified PCR product was purified and sequenced, after which the sequence was aligned with similar well-known sequences obtained from the National Center for Biotechnology Information (NCBI) database and CBS-KNAW Fungal Biodiverisity Centre database.
Experimentation and statistical analysis
The significance of difference between each test variable was determined using one-way analysis of variance (ANOVA) and least significance test, computed using SPSS version 11.5 software. Tukey honest significant difference (HSD) and Duncan's multiple range test were used for multiple comparisons of means. Significance was considered established at p < 0.05. All the presented data in graphs and tables were the means of three replicates.
RESULTS AND DISCUSSION
A total of 95 native fungal isolates were isolated and purified from 12 locations around Penang, Malaysia. From this fungal collection pool, most of the isolates (80%) were able to survive on cellulose agar selective medium, utilizing cellulose as the major carbon source during preliminary screening. Out of these potential cellulaseproducing fungal isolates, 79 isolates which showed rapid growth on cellulose agar were selected to carry out submerged fermentation. Twenty three isolates which produced big clear zones (> 2 cm) ( Figure 1 ) were selected to serve as the inoculums in solid-state fermentation in order to quantify the cellulase and xylanase production. In order to select the best native isolate more precisely, SSF process was performed using oil palm frond (OPF) as the substrate (Table 1) . Fungal isolate DWA8, originated from decayed wood material, was proved to be the best fungus which exhibited the highest FPase activity (2.57 U/g) and xylanase activity (4.12 U/g) respectively (Table 1) . Although it did not secrete the highest amount of CMCase enzyme, DWA8 could still be considered as among the top CMCase producers, with 0.98 U/g compared to 1.08 U/g (the highest activities) showed by fungal isolate RB02. Hence, DWA8 was chosen as the most promising strain to be subjected to successive physical mutagenic treatments with microwave and UVC irradiation. At the same time, this wild strain was being identified as Aspergillus niger (GenBank accession no. KP299287) by pairwise sequence alignment from a PCR product of approximately 500 bp. This fragment size was in close match with the fragment size (508 for eukaryotes) amplified by a single primer set targeted the Universal Amplified Ribosomal Region (UARR) (Rivas et al., 2004) . The UARR sequence allows rapid identification due to its smaller size using only one same primer pairs compared with the 16S rRNA gene and 18S rRNA gene. Moreover, it allows microbial differentiation between phylogenetically closed species from the same genus, in both prokaryotes and eukaryotes (Rivas et al., 2004) .
Spore suspension of parental DWA8 was subjected to microwave irradiation at different time intervals for a period of 180 sec. To obtain the lethality after the treatment of microwave, both the mutated strains and the un-irradiated isolate (control) were cultured onto CMC-Na screening media containing PDA and TritonX-100. Remarkably, lethality rate of DWA8 spores hit 73% after 30 sec of treatment, the second highest rate compared to the 75% achieved after 180-second treatment (Figure 2) . Meanwhile, the lethality rate of our fungus did not increase proportionally from 60-second to 150-second treatment period. Hence, 5 mutant individuals originated from 30-second and 80-second respectively were selected to be used as inoculums in SSF process to investigate the effect of microwave radiation on cellulase production. MV 305 was the best mutant among the ten isolates tested (Figure 3) , by secreting 3.14 U/g FPase compared to 2.57 U/g from control (DWA8).
Besides, CMCase production was enhanced by 38.8%. In addition, statistical analysis indicated significant differences (p<0.05) in FPase and CMCase activities exhibited by MV 305 compared with other mutants tested. However, for Xylanase production, among the mutant population tested only MV 303 showed increased production compared with DWA8 (control). Although there was a slight decrease of Xylanase activity in MV 305, it was the second best secretor after MV 303 and statistical analysis showed the reduction was not significant (p>0.05). Therefore, MV 305 was selected to undergo further mutation treatment. It is claimed that microwave energy consists of electric and magnetic fields that are able to penetrate deep into biological materials. The ability of microwave irradiation to induce mutational event has been studied, with its bioeffects being reported of causing cell damage due to oxidative stress and DNA damage (Lin et al., 2012) . Genetically speaking, it could result in DNA strand breakage and point mutation. By putting Trichoderma and Lactobacillus species within household microwave oven in a period of time, their survival rate was decreased with the increment of treatment period, until the achievement of 100% lethality rate (Li et al., 2010; Lin et al., 2012) . However, this was not the case in our microwave mutational treatment process. Only 75% of our fungal isolates DWA8 were killed at maximum treatment time of 180 sec. The difference in microbial sensitivity towards microwave irradiation might be due to the fungal cell wall and pigmentation of the Aspergillus spores. The spore of Aspergillus niger possesses a black-pigmented, multilayered and highly ornate spore wall (Anderson et al., 2000) . This acted as a good shield, thus may well-explain why our fungal isolate was not sensitive to irradiation. Known as melanin, this pigment increases the survival chances and longevity of fungal spores, protecting the spore before reaching the right time of germination (Begum et al., 2009) . Nonetheless, with 30-second microwave treatment, approximately 22% increment in FPase activity and 38.8% increment in CMCase activity were shown by MV 305, the best performed mutant survived from 73% killing rate.
Lethality rate of MV 305 mutant under UVC irradiation increased proportionally with treatment time, and it hit 99% after 10-minute UVC treatment (Figure 4) . Since the treatment time of 6 min already gave 90% lethality rate, 3 mutant individuals originated from 6, 8 and 10 min treatment time had been picked and purified as single isolates into PDA plates after they showed their abilities to grow on CMC-Na screening plates during colony counting. UVC treatment analysis indicated that mutant UVC 8ii showed the highest increased in both FPase and grow on CMC-Na screening plates during colony counting. UVC treatment analysis indicated that mutant UVC 8ii showed the highest increased in both FPase and CMCase activities among the mutant population ( Figure 5 ). It showed 69% increase in CMCase activity compared to controlled strain of MV 305 Short wavelength (254nm) ultraviolet (UV) light belongs to type C of UV. Falling in the range of 250-260nm which is considered to be lethal to most microorganisms such as fungi, bacteria, yeast, viruses, protozoa and algae (Begum et al., 2009; Menetrez et al., 2010) , it is mainly utilized in microbial inactivation on commercial and clinical occasions or research setting for mutant development. The inactivation of fungal isolate MV 305 by UVC irradiation was obviously dose dependent which was in agreement with Menetrezet et al., (2010) ; Nourmoradi et al., (2012) .
Furthermore, an increment of 69% in CMCase activity was shown in MV 305. During the sequence analysis of endoglucanase I genes encoding CMCase enzymes, some base mutations that led to amino mutations could be the reason for enhanced cellulase production (Li et al., 2010 . Apart from dosage (the function of time, distance and irradiance), UV penetration and absorption are also the factors that determine the efficacy of UV irradiation (Begum et al., 2009) . UVC light needs to be applied directly onto smooth surfaces or transparent materials in order to fully exert its killing ability, and to cater to this purpose, UVC was shone directly onto an open lid petri dish filled with spore suspension during treatment. Furthermore, spore suspension was suspended in Tween-80, the famous surfactant in providing homogenous distribution of spore in water. The volume of spore suspension to be sent for UVC irradiation was maintained as smaller as possible, so that protective effect of the thickness of liquid layer could be reduced.
Alkylating agents such as ethyl methanesulfonate (EMS) induces chemical modification of nucleotides, which results in mispairing and base changes (Kim et al., 2006) . It is claimed that EMS proved to be more effective compared to physical mutagens such as UV as it enhanced cellulase activity to the greater extent (Shafique et al., 2011) . Under the temperature of 30 °C (fungal optimal growth temperature) and 8-hour incubation period using EMS concentration in the range of 1.0-3.0% (v/v), the lethality rate of UVC8ii increased proportionally with the raise of concentration (Figure 6 ). Out of the 8 colonies isolated from mutant E2.50 and E3.00 respectively, mutant E3.06 showed 48% increase in FPase activity and 83% increase in xylanase activity (Figure 7) . However, only 6.5% increment of CMCase activity was possessed by another mutant, E2.52, as most of the mutants faced decrement in this particular enzyme. Although there was an enhancement in FPase and Xylanase activities in mutant E3.06, it was considered to be insignificant statistically. Besides, EMS treatment also gave almost no improvement for the case of endoglucanase. In the work of Arun and his co-workers (2014), second round of EMS treatment failed to further increase the activities of the selected mutants, and no obvious improvement was achieved in A. niger treated with EMS compared to 77% CMCase increase in EMS treated Trichodermaviride. Thus, the mutagenic randomness of EMS causing reversions and instability in genomes of fungi (Arun et al., 2014) may be the cause of unpredictability. Since the understanding of EMS mediated mutation upon microbial genomes and upon their cellulase genes is still under establishment, more effort is required to elucidate this relationship on molecular and biochemical basis (Fennington et al., 1984; Kotchoni et al., 2006) .
Meanwhile, Pradeep and Narasimha (2011) had successfully created an Aspergillus mutant with 15-fold and 14-fold increment in CMCase and FPase respectively, a However, the substrate being used, the pea seed husk, was different from the current study. Moreover, it was chemically pre-treated with hydrogen peroxide. Multiple exposures to EMS and ethidium bromide had created a Trichoderma mutant with 2.14-fold and 2.10-fold increase in FPase and endoglucanase (Chandra et al., 2009) .fter EMS treatment (Pradeep and Narashimha, 2011) . EMS mutant originated from Trichoderma conidia treated colchicines also showed approximately 2-fold increase in cellulase production (Toyama and Toyama, 2000) . Since their treatment schemes were different from current study, thus it is possible that the mechanism or type of genetic changes that had taken places before EMS induction may differ from present study too. Besides Aspergillus and Trichoderma species, the Penicillium species is another filamentous fungus which has been shown to produce an enzyme mixture with better ratio of FPase activity and β-glucosidase, an instrumental property in cellulose hydrolysis (Syed et al., 2013; Schneider et al., 2014) . Mutation treatment of EMS followed by UV irradiation had enable Adsul and co-workers (2009) to create a Penicillium mutant with 3-5 fold of FPase, CMCase and xylanase during SSF on wheat bran and pure cellulose Figure 5 : Enzyme production of MV 305 (control) and its derivatives mutated by UVC irradiation. Enzyme activities were obtained from the mean values of triplicate flasks. MV305 was the microwave mutant which secretes the highest cellulase enzymes among the other mutants; UVC 6i, UVC 6ii and UVC 6iii were individual mutants generated after 6-second of UVC radiation treatment; UVC 8i, UVC 8ii, UVC 8iii and UVC 8iv were individual mutants generated under 8-second of UVC treatment; UVC 10i, UVC 10ii and UVC 10iii were individual generated from 10-second UVC treatment. ( Adsul et al., 2009) . Similar treatment had been used by Liu and co-workers (2011) in generating Penicillium mutant with higher cellulase activity (larger hydrolysis zone during qualitative plate screening) (Liu et al., 2011) . Hence, it is hard to compare their result with current study, due to the differences in substrate and microorganism chosen. In conclusion, it can be said that this paper is the first initiative to examine the combined effect of microwave, UV Irradiation and EMS upon cellulases and xylanase activities in A. niger. These mutagens are effective and easily accessible in creating highly productive fungal strain, thus they deserve serious attention to be fully developed as an established mutational mechanism among filamentous fungi. Meanwhile, by providing financial advantages such as reduced energy, space requirement and the simplicity of the equipment used, compared to the submerged fermentation, solid-state fermentation has a higher potential as a platform in providing feedstock for SGB.
CONCLUSION
From preliminary screening, a fungal strain originated from the decayed wood has been successfully isolated as the best candidates among the native wild species to be further developed by mutagenesis. The compounded effects of microwave, UVC and EMS have produced an A. niger MUE3.06 mutant with an overall increase of 114% in CMCase activity, 72.57% in FPase activity and 70.65% in Xylanase activity compared with the parental DWA8 strain.
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Figure 7:
Cellulase activities of EMS treated UVC8ii spores after 7-day cultivation in solid-state fermentation. The enzyme analysis was performed in triplicate for each mutant. UVC 8ii was the highest enzyme secretor among other UVC mutants; E 2.51, E 2.52, E 2.53 and E 2.54 were the individual mutants created under 2.5% of EMS treatment; E 3.03, E3.04, E 3.05 and E3.06 were mutants originated from 3.0% of EMS. Each and every of these mutants was treated as a unique entity of themselves.
